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RESEARCHMEMORANDUM 

for the 

Bureau of Aeronautics, Department of the Navy 

FREE-SPINNING TUNNEL INVESTIGATION OF THE &-SCALE 

MODEL OF THE CHANCE VOUGHT F7U-3 AIRPLANE 

TED NO. NACA DE 362 

By Walter J. Klinar and Frederick M. Healy 

SUMMARY 

An investigation of a &-scale model of the Chance Vought F7U-3 air- 
plane has been conducted in the Langley 20-foot free-spinning tunnel. 
'The erect and inverted spin and recovery characteristics of the model 
were determined for the combat loading with the model in the clean condi- 
tion. The effect of extending slats and speed brakes and the effect of 
variation in loading was investigated. Spin-recovery parachute tests 
were also performed. 

The results indicate that any erect spin obtained on the airplane in 
the clean condition will be satisfactorily terminated for all loading 
conditions indicated as possible provided rudder reversal is accompanied 
by moving the ailerons to full with the spin (stick right in a right 
spin). Although not specifically tested in this investigation, previous 
experience on an earlier version of this airplane indicates that, with 
external stores installed, the same recovery technique should be used. 
If recovery does not appear imminent when a spin is entered with external 
stores installed, however, the external stores should be jettisoned and 
recovery reattempted. Extension of slats should have a favorable effect 
whereas extension of the dive brakes should have little effect on the 
spin-recovery characteristics. Inverted spins should be satisfactorily 
terminated by full reversal of the rudder and lateral and longitudinal 
neutralization of the stick. The model test results indicate that a 
6.12-foot wing-tip conventional parachute (drag coefficient approximately 
0.7) should be effective as an emergency spin-recovery device during 
demonstration spins of the airplane. 
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INTRODUCTION 

At the request of the Bureau of Aeronautics, Navy Department, a 
spin investigation has been made in the Langley 20-foot free-spinning 

1 tunnel of a 2L -scale m:,del of the Chance Vought F7U-3 airplane. The 
F7U-3 differs from the Chance-Vought XF7U-1 airplane investigated in the 
spin tunnel and reported in reference 1 primarily in that the ailavators 
(the surfaces used for lateral and longitudinal control) are larger and 
deflect farther, the wing and vertical tail surfaces are larger, and 
the fuselage is moved forward with respect to the wing. Auxiliary 
rudders mounted below the main rudders on the vertical tail have also 
been incorporated into the F7U-3 design. References 2 and 3 present the 
results of investigations conducted in the spin tunnel on models of the 
earlier versions of the XF7U-1 airplane. 

The erect and inverted spin and recovery characteristics of the 
model in the combat loading were determined. The effect of deflecting 
slats, speed brakes and auxiliary rudders was also determinea. The 
investigation included parachute-recovery tests and tests to determine 
the effect of loading variation. 

SYMBOLS 

b wing span, feet 

m mass of airplane, slugs 

F mean geometric chord, inches 

ratio of distance of center of gravity rearward of leading 
edge of mean geometric chord to mean geometric chord 

z/F ratio of distance between center of gravity and wing root 
chord line to mean geometric chord (positive when 
center of gravity is below root chord line) 

IX> Iy, Iz moments of inertia about X-, Y-, and Z-body axes, respec- 
tively, slug feet2 

Ix - IY 
2 inertia yawing-moment parameter 

mb 
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=Y - Lz 
mb 2 inertia roll ing-moment parameter 

Iz - Ix 
-- 

2  inertia pitching-moment parameter 
mb  

P air density, slug per cubic foot 

a angle between root chord line and vertical (approximately 
equal to absolute value of angle of attack at plane of 
symmetry), degrees 

6  angle between wing-span axis and horizontal, degrees 

v full-scale true rate of descent, feet per second 

R full-scale angular velocity about spin axis, revolutions 
per second 

APPARATUS AND METHODS 

Model  

The &- scale model  of the Chance Vought F7U-3 airplane used for 
the tests was furnished by the Bureau of Aeronautics and was prepared 
for testing by the Langley Laboratory of the National Advisory Committee 
for Aeronautics. A three-view drawing of the model  as tested is shown 
in figure 1. Photographs of the model  are shown in figures 2, 3, and 4. 
The dimensional characteristics of the airplane are presented in table I. 

The model  was ballasted to obtain dynamic similarity to the airplane 
at an altitude of 15,000 feet (p = 0.001496 slug/cu ft). A remote- 
control mechanism was installed in the model  to actuate the controls for 
the recovery attempts. Sufficient hinge moments were exerted on the 
controls for the recovery attempts to reverse them fully and rapidly. 

The main rudders of the model, the large span rudders mounted high 
on the vertical tail as shown in figures 1  and 3, were l inked to move 
simultaneously and were connected to the control-actuating mechanism. 
These rudders are manual ly operated on the F7U-3 airplane. The auxiliary 
rudders shown below the main rudders in figures 1  and 3 have the following 
uses on the airplane: serve as a  manual  directional trim m ing control; 
operate automatically as the autopilot directional control; provide 
artifical damping in yaw; or, when slats are extended, provide artificial 

I _  __ __-- - 
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static directional stability. On the airplane all four functions of the 
auxiliary rudders may be superimposed one on the other. On the model, 
the auxiliary rudders were preset at certain fixed conditions and were 
not moved during the model steady spins and recoveries. 

Longitudinal and lateral control of the airplane and model is 
obtained from deflection of one set of control surfaces called ailavators. 
Hereinafter, aliavator deflections for longitudinal and lateral control 
will be referred to, for simplicity, as elevator deflection and aileron 
deflection, respectively. 

Wind-Tunnel and Testing Technique 

The tests were performed in the Langley 20-foot free-spinning 
tunnel, the operation of which is generally similar to that described 
in reference 4 for the Langley 15-foot free-spinning tunnel except that 
the model-launching technique has been changed. With the controls set 
in the desired position, the model is launched by hand with rotation 
into the vertically rising air stream. After a number of turns in the 
established spin, the recovery attempt is made by moving one or more 
controls by means of the remote-control mechanism. After recovery, the 
model dives into a safety net. The spin data obtained from these tests 
are then converted to corresponding full-scale values by methods also 
described in reference 4. 

In accordance with standard spin-tunnel procedure, tests were per- 
formed to determine the spin and recovery characteristics of the model 
for the normal spinning-control configuration (elevator full up, ailerons 
neutral, and rudder full with the spin) and for various other aileron- 
elevator combinations including neutral and maximum settings of the sur- 
faces for various model loadings and configurations. Recovery was gen- 
erally attempted by rapid reversal of the main rudders from full with to 
full against the spin. Tests were also performed to evaluate the possible 
adverse effects on recovery of small deviations from the normal control 
configuration for spinning. For these tests, the elevator was set at 
either full up or two-thirds of its full-up deflection and the ailerons 
were set at one-third of full deflection in the direction conducive to 
slower recoveries (against the spin for the F7U-3 model for all loadings). 
Recovery from this spin was attempted either by rapidly reversing the 
rudders from full with to only two-thirds against the spin or by simul- 
taneous reversal of the rudders to two-thirds against the spin and move- 
ment of the ailerons to full with the spin. These control configurations 
and manipulations are referred to as the "criterion spin." 

Turns for recovery are measured from the time the controls are moved, 
or the parachute opened, to the time the spin rotation ceases. The 
criterion for a satisfactory recovery from a spin for the model has been 
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adopted as 2i turns or less, based primarily on the loss of altitude of 

the airplane during the recovery and subsequent dive. Recovery char- 
acteristics of the model may be considered satisfactory if recovery 
attempted from  the criterion spin in the manner previously described 
requires only 2i turns. 

For the spins which had a rate of descent in excess of that which 
can readily be obtained in the tunnel, the rate of descent was recorded 
as greater than the velocity at the time the model hit the safety net, 
for example, >300 feet per second full scale. For these tests, the 
recovery was attempted before the model reached its final steeper 
attitude and while the model was still descending in the tunnel. Such 
results are considered conservative; that is, recoveries will not be 
as fast as when the model is in the final steeper attitude. For recovery 
attempts in which the model struck the safety net while it was still in 
a spin, the recovery was recorded as greater than the number of turns 
from  the time the controls were moved to the time the model struck the 
safety net, as >3. A  >3 turn recovery, however, does not necessarily 
indicate an improvement over a >7 turn recovery. When the model 
recovered without control movement (rudder with the spin) the results 
were recorded as "no spin." For recovery attempts for which the model 
did not recover within 10 turns, the recovery was recorded as TV. 

For the spin-recovery parachute tests, the m inimum size wing-tip 
parachute required to effect recovery within 2$ turns from  the criterion 

spin was considered satisfactory. Tail parachutes were not investigated 
on this model because the required tail parachute would probably be 
excessively large due to the short tail length of this design and also 
because of the likelihood of a tail parachute fouling on the twin tails. 
For these tests, the parachute was opened'for the recovery attempts by 
actuating the remote-control mechanism and the.main rudders were held 
with the spin so that recovery was due entirely to the parachute action 
alone. The wing-tip parachutes were attached to the outer wing tip 
(left wing in a right spin) just in front of the ailavator hinge line. 
The folded wing-tip parachute was place,d on the wing in such a position 
that it did not seriously influence the established spin. For the model 
tests, a rubber band holding the packed parachute to the wing was 
released and the parachute was opened merely by the action of the air 
stream . On the full-scale parachute installation it would be desirable 
to mount the parachute pack within the airplane structure,'and it is 
recommended that a positive ejection mechanism be employed to open the 
parachute. 
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J?FECISION 

The spin results presented herein are believed to be the true values 
given by the model within the following limits: 

a,deg .............................. 
$,deg 

+l 
.............................. +l 

V,percent ............................ +5 
Q,percent ............................ +2 

+1/4 turn when obtained from 
Turns for recovery . . . . . . . . . . . motion-picture records 

+1/2 turn when obtained by 
visual estimate 

The preceding limits may have been exceeded for certain spins in 
which it was difficult to control the model in the tunnel because of the 
high rate of descent or because of the wandering or oscillatory nature 
of the spin. 

Comparison between model and full-scale results in reference 5 indi- 
cated that model tests satisfactorily predicted full-scale recovery char- 
acteristics approximately 90 percent of the time and that for the 
remaining 10 percent of the time, the model results were of value in 
predicting some of the details of the full-scale spins. The airplanes 
generally spun at an angle of attack closer to 45O than did the corre- 
sponding models. The comparison presented in reference 5 also indicated 
that generally the airplanes spun with the inner wing tilted more down- 
ward and with a greater altitude loss per revolution than did the corre- 
sponding models. 

Because it is imp::acticable to ballast the model exactly and because 
of inadvertent damage to the model during tests, the measured weight and 
mass distribution of the F7U-3 model varied from the true-scaled down 
values within the following limits: 

Weight, percent ...................... 
Center-of-gravity location, percent C 

0 to 1 high 
................ 0 

Moments Ix, percent ................... 0 to 8 high 
of 

{ 

Iy, percent ................... 0 to 4 high 
inertia Iz, percent ................. 4 low to 1 high 

The accuracy of measuring the weight and mass distribution of the 
model are believed to be within the following limits: 

Weight, percent ......................... Ll 
Center-of-gravity location, percent TZ .............. +l 
Momentsofinertia,percent ................... +5 
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TEST CONDITIONS 

Tests were performed for the model conditions listed in table II. 
For all tests, the landing gear was retracted and the cockpit was closed. 
As is indicated in table II, and as has been indicated previously, the 
auxiliary rudders on the model did not operate automatically as they do 
on the airplane but were set to and maintained at a given setting during 
the model spin. Mass characteristics and mass parameters for the combat 
loading condition and for the other loading conditions possible on the 
airplane as well as for the loadings tested on the model are listed in 
table III. 

The mass-distribution parameters for the loadings possible on the 
F7U-3 airplane and for the loadings tested on the model are plotted in 
figure 5. As discussed in reference 6, figure 5 may be used as an aid 
in predicting the relative effectiveness of the controls on the recovery 
characteristics of the model. 

The normal maximum control deflections used in the tests (measured 
perpendicular to the hinge lines) were 

Main rudders, deg .............. 22.75 right, 22.75 left 
Auxiliary rudders, deg ............. 21.7 right, 21.7 left 
Elevator, deg .................... 32.4 up, 11 down 
Ailerons, deg ................... 32.4 UP, 32.4 down 

A diagram of stick against ailavator position is shown in figure 6. 

RESULTS AND DISCUSSION 

The results of the model spin tests are presented in charts 1 to 4 
and in table IV. Inasmuch as the results to the right and left were 
similar, the data are arbitrarily presented in terms of right spins. 

Erect Spins 

Clean condition - combat loading.- Chart 1 presents the results of 
tests for the combat loading (loading point 1 on table III and fig. 5) 
with the model in the clean condition for various fixed positions-of the 
auxiliary rudders. 
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With the auxiliary rudders maintained at neutral, the model did not 
spin for neutral and with-the-spin (stick right in a right spin) settings 
of the ailerons; however, spins were obtainable when the ailerons were 
placed against the spin. It should be noted that the results obtained 
with the auxiliary rudders at neutral are similar to those reported in 
reference 1 for the XF7U-1 model when consideration is given to the 
fact that small lateral deflections of the stick on the F7U-3 generally 
produce an aileron deflection corresponding to a much larger lateral 
stick deflection of the XF7U-1. With ailerons deflected only 1 against 

3 
the spin and the elevator set to near full up (the criterion spin) the 
model spun rather flat and recovery attempted by reversal of the main 
rudders aione was very unsatisfactory, the rotation continuing for 
more than 9 turns after control reversal. Although not specifically 
tested, movement of the elevator down would not be expected to improve 
recoveries for this setting of the ailerons, based on the recovery data 
presented in reference 1 for down settings of the elevator. Rapid 
recoveries were obtainable from the criterion spin, however, if rudder 
reversal was accompanied by simultaneous movement of the ailerons to 
full with the spin (stick right in a right spin), the model occasionally 
going into an aileron roll after termination of the spin. For full- 
against settings of the ailerons, the model spun flat and did not 
recover by reversal of the main rudders when the elevator was full up. 
When the elevator was neutral or down, ailerons full against the spin, 
a most unusual motion was obtained, the model appearing to cartwheel 
(rotate about the body 2 axis) as it turned about a vertical axis, the 
model yawing to pilot's right for the right turning motion. A strip 
photograph of this motion is shown in figure 7. Although rudder reversal 
was not effective in terminating this latter motion, the motion was 
satisfactorily terminated by simultaneous reversal of rudder and movement 
of ailerons to full with the spin. Based on the results obtained, it 
appears that movement of the ailerons to full with the spin in addition 
to reversal of the rudder should be effective in terminating any spins 
or similar motions encountered on the airplane. 

Only brief tests were conducted with the auxiliary rudders set full 
against the spin, these being for the criterion Spin-control configuration. 
These results show that the model recovered from the criterion spin in 
the maximum allowable number of turns 

0 
2i by movement of the main rudders 

only. For the other settings of the ailerons and elevator, the recoveries 
.from spins by movement of rudder or rudder and ailerons should be as 
good or better than those obtained with the auxiliary rudders at neutral. 
Tests with the auxiliary rudders set full with the spin indicate that 
the model would now spin with ailerons set at neutral in addition to 
spinning with ailerons set against the spin. Although reversal of the 
main rudders generally was not effective in terminating the spins the 
results indicate that simultaneous movement of ailerons to full with the 
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spin and reversal of the rudders should still be effective in terminating 
the spins obtained. 

On the airplane in the clean condition, the auxiliary rudders will 
probably automatically deflect to some position between neutral and full 
against the spin during spins (the auxiliary rudders provide automatic 
damping in yaw) and will probably not deflect with the spin unless some- 
thing goes wrong with the automatic control system. Inasmuch as the 
model results indicated that the auxiliary rudders would have to be full 
against or near full against the spin for satisfactory recoveries to be 
obtainable by rudder reversal alone (or by rudder reversal followed by 
moving the elevator down), it appears that, in order to obtain satis- 
factory recovery on the airplane, full rudder reversal will have to be ' 
accompanied by movement of ailerons to full with the spin. It is recom- 
mended that this recovery procedure be used on the airplane. Although 
this movement of the controls may result in the airplane going into an 
aileron roll after termination of the spin, neutralization of the stick 
laterally should terminate the motion rapidly. 

speed brakes and slats .- The effect on the model 
eristics of extending speed brakes and slats is 

shown on chart 2.for 
fig. 5). 

the combat loading (loading point 1 on table III and 
As is indicated on the chart, extending the speed brakes had 

little effect on the spin and spin-recovery characteristics. Extending 
the slats, however, had a decided beneficial effect, the data indicating 
that even with the auxiliary rudders full with the spin recoveries from 
the criterion spin by reversal of the main rudders alone were satisfactory. 
It would appear therefore that satisfactory recoveries from spins of the 
airplane can be obtained without movement of the ailerons if provision 
is made for keeping the slats fully open during spins. 

Effect of loading changes.- Results of tests conducted with the 
model loaded to simulate full rocket pack and auxiliary wing fuel 
installation for the take-off loading condition, the model in the clean 
condition, (loading number 2 on table III and fig. 5) are shown on 
chart 3. This loading condition is considered to be the most wing-heavy 
loading attainable on the airplane without disposable or jettisonable 
external stores attached to the wing. 
show that, for this loading, 

The results presented on chart 3 
the model still did not spin when the 

ailerons were full with the spin and the results indicate that simultaneous 
reversal of the rudders and movement of ailerons to full with the spin 
should be effective in terminating the spins obtained. Although no 
specific tests were conducted with external stores (external fuel tanks - 
and rockets) attached to the wings, based on the results obtained in the 
investigation reported in reference 1, it appears that the optimum control 
movement for recoveries from spins of the airplane for these loading 
conditions will be full rudder reversal and movement of ailerons to full 
with the spin. In the event recovery does not appear imminent, however, 
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after a spin is entered with external stores attached, the external 
stores should be jettisoned and recovery should be reattempted. 

Inverted Spins 

The results of the inverted spin tests of the model in combat 
loading are presented in chart 4. The order used for presenting the 
data for the inverted spins is different from that used for erect spins.' 
For inverted spins, controls crossed for the established spin (right 
rudder pedal forward and stick to pilot's left for a spin to the pilot's 
right) is presented to the right of the chart and stick back is presented 
at the bottom. When the controls are crossed in the established spin, 
the ailerons aid the rolling motion; when the controls are together, 
the ailerons oppose the rolling motion. The angle # and the elevator 
position in the chart are given as up or down relative to the ground. 

Results of model inverted spin tests indicate that satisfactory 
recoveries from inverted spins of the airplane should be obtained, even 
if the auxiliary rudders are full with the inverted spin, provided the 
main rudders are fully reversed and the stick is neutralized laterally 
and longitudinally. Neutralization of all controls was indicated to 
lead to satisfactory recoveries from inverted spins for neutral or 
against the spin positions of the auxiliary rudders. 

Spin-Recovery Parachutes 

The results of tests performed with spin-recovery parachutes attached 
to the outboard wing tip (left in a right spin) of the model presented 
in table IV show that a 6.12-foot-diameter parachute (measured laid out 
flat) with a towline length of 25 feet appears to be necessary for 
satisfactory recovery from spins of the airplane by parachute action 
alone. Although tested for the combat loading only, analysis indicates 
that this size parachute should be effective for emergency spin recovery 
for any loading condition obtainable on the airplane with external stores 
removed. Table IV indicates that the model generally recovered in a dive 
when the 6.1%foot parachute was opened for recovery, but that, when a 
much larger parachute was tested (10.5 feet, full scale, in diameter), 
it caused the model to spin at a rapid rate of rotation in the opposite 
direction after the parachute was opened for recovery. It thus appears 
that if a parachute is used for recovery, it should be released imme- 
diately after the original spin rotation ceases. The auxiliary rudders 
were at neutral for these tests. The drag coefficient of the 6.1-foot 
parachute was approximately 0.7 based on the area of the parachute 
when it is laid out flat. If a parachute with a different drag coeffi- 
cient is used, a corresponding adjustment will be required in parachute 
size. Reference 5 indicates that conventional flat-type parachutes 
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made of low-porosity materials are unstable and may seriously affect the 
stability of the airplane if the parachute is opened in normal flight 
to test its operation. It may be desirable, therefore, to use a stable 
parachute (reference 7) as an emergency spin-recovery device on the full- 
scale airplane. 

Recommended Recovery Technique 

Based on the results obtained with the model, the following recovery 
technique is recommended for all loadings and conditions of the airplane: 

For erect spins, the ailerons should be moved to full with the spin 
(stick full right in a right spin) simultaneously with full rudder 
reversal to full against the spin, and approximately $ turn later the 

stick should be moved forward. This procedure may result in a rapid 
aileron roll; however, this roll can be terminated rapidly by movement 
of the ailerons to oppose the rolling motion. If recovery does not 
appear imminent after entry into a spin when external stores are installed, 
the external stores should be jettisoned and recovery should be 
reattempted in the manner prescribed. 

For recovery from inverted spins, the rudder should be reversed 
briskly to full against the spin and the stick should be neutralized 
longitudinally and laterally. 

CONCLUSIONS 

Based on the results of tests of a 1 --scale model of the Chance 
21 

Vought F7U-3 airplane, the following conclusions regarding the spin and 
recovery characteristics of the airplane at an altitude of 15,000 feet 
are made: 

1. The spin-recovery characteristics of the airplane in the clean 
condition will be satisfactory for all loadings provided the following 
technique is used: brisk rudder reversal and simultaneous movement of 
the ailerons to full with the spin (stick right in a right spin) followed 
approximately $ turn later by forward movement of the stick. After the 
spin rotation ceases the stick should be neutralized laterally. The 
same recovery technique should be employed with external stores installed; 
however, if recovery does not appear imminent, the external stores should 
be jettisoned and recovery reattempted. 

I 
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2. Extending the slats will have a favorable effect; whereas 
extending the speed brakes will have no appreciable effect on recoveries. 

3. A 6.12-foot-diameter (laid out flat) wing-tip parachute attached 
to the outboard wing tip (left in a right spin) having a drag coefficient 
of 0.7 (based on laid-out-flat area) will be effective for emergency 
recovery from demonstration spins. 

4. Satisfactory recoveries from inverted spins will be obtained by 
full reversal of the rudders and lateral and longitudinal neutralization 
of the stick. 
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF TRE 

CHANCE VOUGHT F7U-3 AIRPLANE 

Over-alllength, ft . . . . i . . . . . . . . . . l . . . . . . 43.79 

Wing: 
Span,ft ........................... 39.72 
Area, sq ft ......................... 535.3 
Aspect ratio .......................... 2.94 
Root chord, in. ............... ; ....... 194.06 
Tip chord, in. ....................... 128.57 
Mean geometric chord, in. .................. 164.22 
Leading edge r rearward leading edge root chord, in. .... 86.51 
Taper ratio .......................... 0.66 
Incidence (constant) ...................... 0 
Dihedral,deg ......................... 0 
Sweepback of quarter-chord line, deg .............. 
Airfoil section .......... CVA 4-(oo)-(12)-(40)~(l.&(l.:~ 

Ailavator: 
Span, (b/2) percent ...................... 47.2 
Total area, sq ft ...................... 74.36 
Chord, percent -d- ........................ 28.1 

Vertical tail: 
Total area, sq ft ...................... 156.3 
Rudder area, aft hinge line, sq ft ............... 12.9 
Auxiliary rudders, sq ft .................... 11.9 
Speed brake area, sq ft .................... 24.8 
Aspect ratio ......................... .1.45 
Sweepback, quarter-chord line, deg ............... 45 
Airfoil section ............. NACA 641-008.9 (modified) 

Slats: 
Span, (b/2) percent 

Inboard . . . . . . . . . . . . . . . . . . . . . . . . . . . 28.9 
Outboard . . . . . . . . . . . . . . . . . . . . . . . . . . . 47.3 

.~ . /,. -_ 



TABLE II.- CONDITIONS INVESTIGATED ON &-SCALE MODEL OF THE CHANCE VOUGHT F7U-3 AIRPLANE 
CL 

Loading T ~~~ iLoading 
condition ; number 

/ 

-i 

Combat 

Do---- 

Do----- 

Do----- 

DC-J---- 

Yake-off with 
overload fue: 
and rocket 
pack 

Do----- 

Do---- 

Combat 

DC-J----- 

Combat 

1 

1 

1 

1 

1 

2 

2 

2 

1 

1 

1 

Type ! '1 Speed 
spin .i Slats jl ., brakes 

Erect iRetracted;Retracted 

---do---j ---do----j ---do---- 
: ---do 1 
j 

-sj ---do -___ 
1 

i; --do---i ---do m-w- 

; ---do--- Extended 

; ---do--- RetracteC 
! 

--,-Jo---l ---do---- 

--do--- Extended 

Inverted Retracted 

--do--- ---do---- 

Erect ---do---- 

---do--- 

Full with j --------do--------- ' Do. 

till against _-em ----_ do --------- ; Do. II 
Extended Neutral ' ---------do---------i Chart 2 , 
Retracted Full with --mm -----do--------- ,I Do. / 
---do---- Neutral ---------do --_---___ / Chart 3 

---do m--w 

---do---- 

---do--- 

---do---- 

---do--- 

I 

Full with ---------do--------- Do. 

Neutral --------do--------- Do. 

Full with ---------do--------- Chart 4 

Neutral ---------do--------- Do. 

.--mm do----- Parachute opening Table IV 

Auxiliary Method employed in ' Data pre- 
rudders recovery attempt j.sented in 

Neutral ,Movement of controls j, Chart 1 



ONTA~O%& VOUOEl'F7U-3 AIRPLANE AND FOR LOADINGS TESTED ON THE ,SCAlX YODEL 
USS CRARACTERISTIOS AND INERTIA PARAMETElS FOR LOADI%M POSSIBSG 

[iYodelvalues are girsn as 00rrespondiDg full-soale valuea ; momenta or inertia are given about the center or gravi.t~J 

No. L-=w 

Center-of-gravity 
Location 

Relative density Homente or inertia 
k (siw-rOOt21 

Hess Parameters 

w%3t + ZB 
Sea 

level 
15,000 Ix 

reot IY 12 Ixm;" IYm;Iz 'z-&Ix 

Airplane values 

1 Combat, landing gear retracted 24,656 0.126 -0.0104 15.14 24.07 24,097 45,161 67,228 -174 x lo-4 -183 x 10~ 357 

Y I 2 1 
Take off rith overload fuselana 

fuel and fueelnge rocket paq Jo,5471 0.106 (-0.0111 1 la.76 ( 29-B 134,303 1 52,137 1 83,569 I-119 1 -230 I%9 

3 frakf~ err, lancing gear 
artended 28,2& 0.138 -0.0023 17.35 27.57 30.356 49,118 76,808 -136 -200 336 

4 Take orr lrndlog gear retracted 28,2& 0.151 -0.0137 17.35 27-57 29,927 49,118 76,936 -139 -201 340 

5 
Take off with overload fuel 

and tro 150-gal center 31,888 section tanke 0.115 -0.0017 19.59 31.13 34,769 51,812 83,512 -my -203 312 

6 Take off with two 2,000-lb 
bomba 32,891 0.126 0.0101 20.20 X2.10 36,566 50,529 83,469 - e -205 292 

7 Take orr with r0ur 
Sparrow8 31.391 0.134 -0.0047 19*30 30.70 38,120 51,893 87.469 - 09 -231 9 

a Take off wit), fuselage rocket pack 29,801 0.136 -0.0038 18.30 29.09 32,398 491990 79.455 -=o -202 3= 

9 Take off with overload fuel, 
&err TO inboard and tanks rocket imo paok 33,998 0.119 o.oTlo5 20.88 33.19 39,160 52,473 87,621 - 80 -211 291 

own. 
IandIng ooz3Stlon, lauding 

10 gear extetied 22,862 0.117 -0.0077 J.04 22.32 23.955 43,750 64,525 -177 -16 362 
xodelralues 

1 comwc 24,640 a.?29 -0.0150 15.14 &.q 25,311 46,2$ 67,721 -174 x ICI-~ -178 X lo-' 352 

2 Take off with overload fuaelag, 
fuel and fuselage rocket pack 

30,553 0.106 o.oLa+ 18.78 29.85 344,201 53,710 81&O -130 -185 315 

T 
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TABLE IV.- WING-TIP SPIN-RECOVERY PAFUXHUTE DATE OBPAINED 
WITH Ta n I-SCALEi MODEL OF THE CHANCE VOUGRT F7U-3 AIRPLANE 

Eonbat loading (loading 1 in table III; recovery attempted by 
opening parachute from left wing tip; right 
control setting for steady spin - elevators s 

rect spins; 
up, ailerons - T 

% 
against, rudder full with spin, auxiliary kdders neutral; 

model values have been converted to corresponding full scale 
values .l 

Parachute 
Diameter 

(ft;) 

3.5 

3.5 

5425 

6.12 

7.0 

8.75 

10.5 

Towline 

73 

4.2 
. . _--.- 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 
----- __ 

I 1 
Approximate 

Parachute 
Drag 

Coefficient 

Turns For 
Recovery 

-” 

-- I 1, >5+ ( 
I I 

0.70 $9 $9 *s $s 1 
a 

4s 
al a -- ZI t 

aparachute yawed model in opposite direction. 
bParachute caused model to spin in opposite direction. 



CNART l.- ERECT SP1i-i AND RFCOYERY OHARACTXFZSTICS OF THE MODEL IN THE COMBAT LOADING AND OIZAN OONDITIOII 

we1 loading 1 in table III; audliSry rudder poaltlon aa indicated; spsad brakea and slats retracted; r.,ooveq attempted Q - rapid 
RKWI’ i’*~‘e=mU. except aLI indicated (reccnery attempted iron, spd steady-spin data presented ior, rudder -1 with apbs), right s b, 

- 
AZ;;,"% rudders till with Auxiliary lwmera rul.l against Atilly rudders neutral 

Ailerons 
$ against 

a A a 

1 against 
. 

68 l2D 
42 11u 

B 

278 0.19 

0 

>3 

b96 
271 0.1 

g %a 3 1 NO SPIN ] 

A 
g* AlbIYUM Allsrons 

_ full against full with ~ 
(StMt l.eftf No spIN (Stick right) - No spIH 

I J I I I I 

b 
I 
g/y 

>3 

g2, “4 

2 u CYt dsp 

i No SPIH 

r 

a 
NO SPIN 

aNo-spln oondltlon l lro obtained. 
bOaolllator7 apita. range of valuea given. -n- ._. .T vnmoovsry awmnpcea my reversal of rudder to only L 

3 
of its full defleotion against the spin. 

.~ aRecovery attemptad by semraal or ntddsr to 2 0r its full deileotloa agaimt the spin and slmultamm full-scale values. 
3 mowsent of tilerons to iullrfth tha spin. somtimes model goes into aileron roll after termination or apin. 

u inner wing up 

*Model appears to oartrixelas it rotates about a vertloal uia the rotations belag in the - a~nae. 
0 inner wing down 

(See fig. 7.) 

APP~ . 
254 

2 zi$ 

246 0.30 

c 

I 

Rode1 values 
=On”erLed ‘O 
corresponding 

fMcde1 enter8 UI aileron roll after cessation of impPrted l.a&hi~ rotation. 
fhWtbS InOtiOn atOpa and model goes intO a bit roll oc an lmertrd apin. 

~eoorsry attempted Biull rudder reversal and slmltanmna memnt of ailerons to fituu rite the spin 



CRART 2.~ EFFECT OF SLATS AND SPEED ERAHES ON TRR HlECT SPIN AND RECOVRRY CEAFWXERISTICS OF TBE MODEL 
[MC&~ Loading 1 in table III; $osltlon of slats, speed brakes, end auxillw rudders as lndloated; ceooverp attested by full rapid rudder 

reversal sxoept 8a indicated (recovery attempted f’rOm and steady-spin data presented ror, rudder full rlth spins), right spine1 

Speed brakes extended, Slats retracted, auxiliary rudders neutrall Zlats extended; Speed brakes retracted, auxiliary z 
rudders full with 

Ailerons ’ against 
a 9 

All !ezJ$ againa: 
I r 

I - II NO SPIN 
1 I 

NO SPIN NO SPIN 

-l--+-l- I I 

Epi$!ij pj 5p p” M M 

2l+i 0.25 
+i 

-I- I I E E 0’30 0’30 7 ‘j;i f!=12!41 al-l 4 
p%~~~ff~;g~ktp[ Fl 
I J 

<tE;&&!&q I Jp%&; I / 
1 I I I 

~~1 , ( ;i;l :_ ~ 

I I 

DALI , /ii!, ) 1 I 

Elevators 
2 up 3 

1581 501.1 1 1 

NO SPIN 

b 

f 

2pg 

>3, >6 

*A no-apln condition alao obtained. 
bOaoll.letory epln, range of values given. 
OHode appears to cartwheel as it rotatea about a vertical exia, the rotation being in the Model values 

ee fig. 7.1 Sometimea motion stops EUM model goes into a left roll or converted to 

d&de1 goes into an aileron roll after oeaaation of the imparted launching rotation. 
corresponding 

*eoovery attempted by reversal or rudder to only2 
full-scale values. 

3fWlde Cadlua apln with oaoillationa in roll. 
3 of its full deflection against the apln.D inner wing UP 

D inner wing down 
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CluRT J.- HlECT SPIlf ARDRlXOVXRYCHARACTEiISTICS OFTHE MODELIN TEE TANK-OFF LOAIJINGFITHOVE~LOADFUELANDROC~ET PAOK 

@ode1 l-dins 2 in table III; position of alata and euxlliary ruddera ea indicated; speed brakes retracted: aeoovsrj attempted by full 
rapid rudder rever3el ercePt aa indicated (recovery attempted from, ati steady-apin date present& for, rudder full Tdth spdM), rQht apIIy;) 

Clean condition, auxiliary rudders neutral Clean condition, 
auxiliary rudders full with 

Slats extended, 
auxiliary rudders neutral 

I 292 IO.32 1 I t 1 1 1 1 
] - ( INOSPINI INO?) 

Elevators 

Ailerons 
full with 

Stiok right) 

b&d2 ;zp 
P cnl, a : w 

El3 

> 305 

73. $ 
Model values 
Converted to 
corresponding 
full-scale values. 
U inner wing up 
D inner wing down *Oacilletory spin, range of values glven. I 

bRecovery attempted by reversal of ruddera to pnlF 4 of their full deflection against the spin. 
%ecovery attempted b reversal of rudders to 2 

cdlerona to full" th the spin. Sometimes 9 Jd 
oi <heir full deflection against the spin nod airmlteueoua movement or 
sl goes into aileron roll after termination oi spin. 

dYode1 appeara to cartwheel aa it rotatea about a vertical exla, the rotations being in the aama sense. 
evlaual obaervatlon. 

(See fig. 7.) 
model gmg intO m aileron roll aear cessation of imparted l.aunohine rotation. 

HO L I 

‘ri Lil 
“2 4 g 4m 

t 

rl 

Elevetorai 

2 UP 3 

mm3 for 
recovery 

8 
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CRART 4.- 
[Model Loading 1 in table III; 

INVRRTED SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL 
auxiliarg rudddrs aa indicated; speed brakes and alats retracted: recovery attempted by full rapid rudder 

reversal excePt as indicated (recovery attempted from, and steady-spin data presented for, rudder fill with spins), right apins] 

Control3 
together 

tick rlghtf 

Auxiliary rudders full with Aux..tllary rudders neutral 

Controls 
crossed 

(Stick left? 

*Recovered in vertical aileron roll. 
bRecovery attempted by rudder neutralizzetlon. 
CVisual observation. 1.. . 

e 1 

Model values 
converted to 
corresponding 
full-scsle values. 

wodel enters an aileron roll after oesaation of Imparted launching rotation. 
eSteeper apln condition end no spin condition alao obtained. 

3*7 
II inner wing up 
D Lnner wing down 
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Figure 1.- Drawing of model as tested. Center-of-gravity position shown 
for combat loading. 



‘:t . ..y 0 . 
. . . i 

. . . . . . . .:.. 



‘t: l ‘Y (’ : 
4, - 

. . . . . 
. . . . . . . . . 

Figure 3.- Photograph of model showing the slats extended. 
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Figure k.- Rear-view photograph of model showing speed brakes extended. 
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Figure 5.- Inertia parameters for loadings possible on the 
airplane and 

for the loadings tested on the model 
(points for loatigs listed in 

table III). 
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P 
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Sticks bock 

(Elewtor$- up) 

Both 
up 321 

Both Right up 16.4* 
down II* Left down 37.6* 

,!w!ca’ 
c 

Stick right 

Right up 27.0’ 
‘Left dawn 37.6* 

,Right up 32.4* 
Left down 32.4” 

Right up 477* 
) Left down 16.4” 

ht up 47J” 
Left down 5.5O 

Figure 6.- Deflection of ailavator surfaces relative to control stick 
motion. Envelope of stick and ailavator movements shown. Ailavator 
position is directly proportional to control stick position; angles 
are measured in plane normal to hinge center line; stick travel to 
right is shown, left travel is symmetrical. 
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Figure 7.- Strip photograph illustrating the motions encountered with 
ailerons against the spin, elevator neutral or down. Pictures taken 
at 64 frames per second. 
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Figure 7.- Continued. 
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Figure 7.- Concluded. 
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